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INTRODUCTION
The use of foamed asphalt for pavement stabilization purposes dates to the 1960s with
experimental laboratory and limited field work at Iowa State University. The technology was
advanced by Mobile in Australia and other parts of the world in the 1970 and 1980. Wirtgen has
developed new construction equipment and a technical approach to mixture design and pavement
thickness design over the last decade. The technology appears promising and a field trial or
demonstration project was conducted on FM 99 in Live Oak County, which is in the Corpus
Christi District. The construction project limits were from US 281A to the McMullen County
Line. The foamed asphalt stabilization section was 1 mile in length in this project. A field change
was used to construct the section as the project was on-going.
Foamed asphalt stabilization was used on this project to provide information on the following
questions:




Can a foamed asphalt treated base be opened to traffic less than 2 hours after
compaction?
Can the foamed asphalt treated base withstand the intensity of early traffic loads?
What design moduli are appropriate for foamed asphalt stabilization?

This technical memorandum describes the pre-construction testing, mix design, construction
monitoring, performance test results, and pavement design recommendations.
SUMMARY OF FINDINGS
The foamed asphalt section is performing extremely well as the treated recycled material carried
oilfield traffic one hour after compaction was complete. The falling weight deflectometer (FWD)
data show that the foamed asphalt treated recycled material has stiffness that is relatively high.
Prior to sealing the foamed asphalt stabilized material, the roadway experienced 4 inches of rain
without any damage to the stabilized layer. Note that energy development traffic was using the
roadway during and after this rain event.
The foamed asphalt section exhibits a field modulus (backcalculated from FWD measurements)
equal to or greater than Portland cement-modified recycled material (2 percent cement
treatment). According to the Texas Department of Transportation (TxDOT) personnel, the
foamed asphalt withstood early trafficking much better than their prior experiences with cement
modified materials. The foamed asphalt exhibited less surface deflection than the cement treated
recycled material under FWD loading. The FWD data also suggest the cement modified recycled
material modulus on the typical section may be decreasing with time and traffic.
While the ride as measured by the international roughness index (IRI) on all sections is relatively
poor, the foamed asphalt section exhibited more uniform IRI as compared to the other sections.
This observation may be partially due to better workmanship with the oversight provided during
construction of the foamed asphalt and also partially attributed to the excellent performance and
durability of the foamed asphalt layer under early trafficking.
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Future pavement thickness designs with foamed asphalt in Texas should use a scaled approach
for design modulus. The field results on FM 99 show a relatively high layer modulus. The lab
design for FM 99 significantly exceeded the minimum mixture design requirements. Until more
information becomes available, Table 1 presents a recommended scaled approach using a
modulus between 100 and 400 ksi for foamed asphalt layers.
Table 1. Recommended Design Modulus for Foamed Asphalt Mixtures.
Lab Indirect Tensile Strength
(psi)
45
50
55
60
65
70
≥75

Design Modulus
(ksi)
100
150
200
250
300
350
400

BACKGROUND
FM 99 is an extremely heavily trafficked energy sector roadway in the Corpus Christi District;
the limits of this project are from US 281A to the McMullen County line. The original plans
developed for the project indicated a 24-ft wide travel way with a 1 inch of layer of asphalt
bound materials as a surface layer. The flexible base course was 6 inches. Figure 1 shows the
typical existing condition prior to construction. Extensive alligator cracking and potholes
indicated that the pavement was structurally deficient for the existing heavy traffic. The
pavement was originally designed for traffic volumes far less than the roadway is currently
experiencing.

Figure 1. Condition of FM 99 prior to Rehabilitation.
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The project plans indicated the following operations:




Widen the pavement section by removal of the subgrade to provide a 3-ft shoulder on
both sides of the roadway.
Scarify existing materials, treat with 2 percent cement and use as a subbase material for
the 30-ft wide travel way and shoulders.
Place 8 inches of flexible base followed by an MC 30 prime and a two course surface
treatment.

Construction started in spring 2014. Soon after the initiation of construction, the District staff
decided to construct a test section using foamed asphalt in a 1-mile section at the east end of the
project. The Texas A&M Transportation Institute (TTI) assisted the District staff with preconstruction testing, mix design, construction monitoring, and post construction evaluation.
PRE-CONSTRUCTION TESTING
As a first step in the evaluation, TTI conducted a ground penetrating radar (GPR) survey to
examine the test section variability and to check layer thicknesses. Figure 2 shows a screenshot
from the GPR evaluation; at the time of GPR testing, the shoulders had already been widened
with the new flexible base material.

Figure 2. GPR Image Obtained on FM 99 during Upfront Testing.
The main finding from the GPR was that the asphalt layer was not 1 inch thick, but instead
varied between 3 and 5 inches. The structure in the 1-mile test section was, however, uniform. A
test pit was dug in a representative area and samples of the materials were obtained. Samples
were returned to TTI for mix design. Figure 3 shows examples of the materials obtained from the
field. The new flexible base shown in Figure 3 is the same base used for the flexible base overlay
on the cement modified recycled material on the remainder of the project.
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Figure 3. Materials Available from FM 99.
MIXTURE DESIGN
At the time of constructing the FM 99 project, Texas had little experience with foamed asphalt.
Stiffness modulus values for foamed asphalt treated recycled materials were not available, so a
detailed thickness design could not be conducted. Consequently, the experimental design
consisted of adding 6 inches of new flexible base to the surface and then using a foamed asphalt
to stabilize to a depth of 11 inches. This approach ensured that the treatment did not cut into the
existing subgrade.
The laboratory mix design used the Wirtgen WLB10 lab foaming unit shown in Figure 4. TTI
evaluated two designs using an aggregate blend of 65 percent new base/27 percent
RAP/18 percent old base. Stabilization levels evaluated included 2.4 and 2.7 percent foamed
asphalt both with 1.5 percent cement. TTI used the design procedure described in the Wirtgen
Cold Recycling Technology manual. The design method requires indirect tension (IDT) tests on
both dry and moisture conditioned samples. These IDT test results are used to determine which
combination of stabilizers meet requirements. TxDOT’s Special Specification 3279 requires a
minimum dry IDT strength of 45 psi and a minimum wet IDT strength of 30 psi.
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Figure 4. TTI’s Lab Foaming Equipment.
Six samples (each sample 4-inches diameter and 2 inches high) were prepared for two sets of
samples (1.5 percent Portland cement plus 2.4 percent foamed asphalt and 1.5 percent Portland
cement plus 2.7 percent foamed asphalt) as shown on Table 2. After curing for 3 days at 40°C,
three samples were submerged in water for 24 hours. On day 4, IDT test were performed on both
the dry and wet samples. Figure 5 shows the samples from FM 99 and the IDT test set-up.

Figure 5. Samples during Moisture Conditioning and IDT Test.
Table 2 presents the results from the lab mix design tests. Based on the results in Table 2,
treatment of the FM 99, materials with 1.5 percent cement and 2.4 percent foamed asphalt were
selected.
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Table 2. Results from Foamed Asphalt Samples for FM 99.

Dry IDT
Wet IDT
Min UCS
Dry Density
Opt. Percent Moisture

TxDOT Test
Method
Tex 226-F
Tex 226-F
Tex 117-E

Spec 3279
Requirement
45 psi
30 psi
Report

1.5% Cement 1.5% cement
2.4% Foam
2.75% Foam
75 psi
77 psi
41 psi
39 psi
171 psi
-------3
121.5 lb/ft
122.4 lb/ft3
7.3
7.3

CONSTRUCTION MONITORING
The proposed sequence for recycling FM 99 with foamed asphalt called for a one pass operation
(pulverization, addition of stabilizers and mixing of stabilizers, and aggregate materials). The
constructed section was to be opened to traffic as soon as possible after compaction. All foamed
asphalt work took place the week of June 16, 2014. Prior to construction of the 1 mile
demonstration section, the contractor constructed a test strip to determine if TxDOT’s gradation
requirement of a minimum of 100 percent passing the 1 ¾ in. sieve and 85 percent passing the
¾ in. sieve were met at the recycler’s travel and cutter speed. Table 3 presents the test strip
results, which showed at both travel speeds employed the pulverization requirements (as
measured by gradation) were met.
Table 3. Initial Pulverization Check on FM 99.

Percent Passing 1 ¾
Percent Passing ¾

Sample 1 – 35 ft/min. with
155 RPM cutter speed
100
94.5

Sample 2 – 40 ft/min. with
155 RPM cutter speed
100
89.0

The contractor checked expansion of the foamed asphalt using the recycler’s test spray nozzle.
TxDOT SS3279 requires a half-life of at least 6 seconds; Figure 6 6 illustrates the foamed
asphalt test spray, which exhibited a half-life of more than 10 seconds.
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Figure 6. Checking Expansion of Foam Asphalt.
With the work rate set and satisfactory foaming verified, the contractor worked a half-section at a
time using the following process:








Spread 1.5 percent dry cement.
Use the WR 250 recycler to push the binder tanker truck and pulled the water truck,
simultaneously.
Blend the cement into the mix, inject 2.4 percent foam asphalt, and inject 2 percent
compaction water to a stabilization depth of 11 in while traveling 40 ft/min.
Perform initial compaction with 5 passes of a H 20i padfoot roller.
Perform one pass with an HD 140 double drum, steel roller.
Grade the entire half section and then recompact the surface with the double drum, steel
roller.
Lightly water the surface and compact with a GRW 280 pneumatic roller.

Figure 7 illustrates the general construction sequence employed. During the course of
construction, gradation checks and density checks were used to verify compliance with
pulverization and compaction requirements. Table 4 presents the results of these quality checks
from the first day’s production.
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Figure 7. General Construction Sequence on FM 99.
Table 4. QC/QA Checks on First Day’s Production.
Percent passing 1 ¾ in.
Percent passing ¾ in.
Percent Density

Pass 1
100
87.4
98.5

Pass 2
100
85.0
98.6

In addition to the required gradation and density checks, field staff undertook limited testing
using a dynamic cone penetrometer (DCP) to evaluate compaction with depth. The DCP uses a
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standard sliding hammer to drive a standard cone into the material under test. The test results can
be used to estimate the bearing resistance with depth.
Figure 8 presents the DCP results, which show the material did not have any significant weak
zones throughout the 11 inch depth. This provided project staff confidence that the treated base
was being uniformly compacted with depth.
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Figure 8. DCP Test and Results on 11 Inch-Thick Foamed Asphalt Immediately after
Compaction.
After completion of each half-section, the contractor allowed traffic onto the constructed section
no more than 1 hour after completing compaction. The contractor worked the remaining half
section to complete construction on the entire pavement width each day. At the end of the day,
the section was primed with a light application of MC 30 and Grade 5 rock. The foamed asphalt
section was subject to normal traffic until placement of a surface treatment.
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Figure 9 shows the completed section just after compaction and with a typical traffic stream, the
application of the MC 30 prime, and the final surface seal (which was completed one week after
construction).
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Figure 9. Trafficking and Sealing Foamed Asphalt Section.
Soon after construction and prior to placement of the surface treatment, the foamed asphalt
section encountered 4 inches of rain over a weekend. TxDOT reported that under such weather
and traffic environments, most materials would require reworking; however, they reported the
foam asphalt section exhibited only minor pitting and was chip sealed with no reworking or
refinishing.
POST CONSTRUCTION MONITORING
After completion of construction, TTI monitored the performance of the project. Three different
structural sections were used on this project. The three sections and their location are:




Foamed Asphalt Treatment (11 inches):
o STA 8+40 to 39+90 WB.
o STA 8+40 to 31+30 EB.
Cement Treatment (11 inches):
o STA 39+90 to 48+84 WB.
o STA 31+30 to 48+84 EB.
Cement Treatment (8 inches) with 6 inches Flexible Base Overlay:
o STA 48+84 to McMullen/Live Oak County Line (both directions).

Initial FWD Results
FWD was used to measure the structural strength and uniformity of the foamed asphalt treated
section. Limited FWD data were collected immediately after compaction and prior to the
application of traffic. Figure 10 shows testing after compaction. These data were problematic as
the section was wet prior to the final rolling with the pneumatic roller. However, opening the
section to traffic was a high priority, so these data were collected while the road surface was still
damp. Consequently these data were thought to be of limited use.
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Figure 10. FWD Data Being Collected Immediately after Construction.
A second set of data was collected 2 weeks after the test section was completed. The
MODULUS 6 data output from the foamed asphalt treatment in Table 5 and Table 6 are very
promising. The R1 thru R7 columns show the measured deflection at 12-inch intervals away
from the load plate. The average maximum (R1) deflection with close to 10,000 lb loading is
10 mils. The Base (E2) column shows the backcalculated moduli values for the 11 inches of
foamed asphalt treated base to average 506 ksi. This value is higher than expected and indicates
highly effective stabilization.
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Table 5. FWD Results from Foamed Asphalt Section – July 2014 – K1 Lane.
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Table 6. FWD Results from Foamed Asphalt Section – July 2014 – K6 Lane.
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Table 7 presents the FWD results from the section with 11-inch Cement Treated Base (CTB),
tested in August 2014. The results show a CTB modulus value averaging 410 ksi, or about 90 ksi
lower than the foamed asphalt.
Table 7. FWD Results from Thick CTB – August 2014.
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Table 8 presents the FWD results from the existing typical section also collected in July 2014.
The data show a very high flexible base modulus, and within the CTB layer, many of the
modulus values are well below those expected from an effectively stabilized layer.
Table 8. FWD Results from CTB with Flex Base Overlay – July 2014.

GPR
After approximately 6 months, TTI performed a GPR survey of the project. Figure 11–Figure 13
show representative GPR images from the foamed asphalt, CTB, and CTB with flex base
overlay, respectively. In general, identification of the layer interface(s) was not extremely clear
with the GPR. The GPR did indicate some roughness on the project.
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Culvert

Figure 11. GPR from Foamed Asphalt Section after 6 Months.

TM-14-01 Page 17

11 in. CTB

Bridge Structure & Approach

Figure 12. GPR from 11-Inch CTB after 6 Months.
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Figure 13. GPR from CTB with Flex Base Overlay after 6 Months.
Ride
TTI also performed ride testing after 6 months. Figure 14 presents the overall IRI, which on
average exceeded 200 inch/mi. The data show no significant difference between the left and right
wheel paths. All processing used a 0.1-mi. analysis interval.
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Figure 14. Overall IRI for FM 99 after 6 months.
The data show no significant difference between the left and right wheel paths, or between the
WB and EB travel directions, Figure 15 illustrates and Table 9 presents the IRI statistics for each
of the treatments on FM 99. The data show no significant difference in average IRI between the
treatments; however, the data do show a somewhat lower variability (standard deviation) of IRI
in the foamed asphalt section as compared to the other cement modified sections.

Figure 15. IRI for Treatments on FM 99.
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Table 9. Ride Statistics for Treatments of FM 99.

AVG IRI (in/mi)
Standard Deviation
Variance

11 in. Foamed
Asphalt
205
22.6
512

11 in. CTB
212
52.1
2712

CTB with Flex Base
Overlay
214
50.0
2500

FWD Results after 6 Months
FWD data were collected in the K1 lane in December 2014. Table 10–Table 12 show the results
for the foamed asphalt, thick CTB, and CTB with flex base overlay, respectively.
Table 10. FWD Results from Foamed Asphalt – December 2014.
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Table 11. FWD Results from Thick CTB – December 2014.
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Table 12. FWD Results from CTB with Flex Base Overlay – December 2014.
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Figure 16 illustrates the average modulus values and the 95 percent confidence interval for the
population mean of the different treatments on FM 99. The data show that, with time and traffic:





The foamed asphalt modulus statistically increased.
The 11-inch thick CTB modulus remained statistically unchanged.
The flex base modulus remained statistically unchanged.
The 8-inch CTB subbase modulus appears to be decreasing, but the large variability in
the results does not support concluding the mean value actually has decreased.

Figure 16. Average Modulus Values with 95 Percent Confidence Interval for
FM 99 Pavement Layers.
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Figure 17 shows the average R1 deflection normalized to a 10,000 lb load for each of the
sections on FM 99. These results correspond well with Figure 16 and particularly highlight the
effective stabilization achieved by the foamed asphalt treatment.

Figure 17. Average Deflection Normalized to 10,000 lb Load for FM 99 Sections.
Lab Resilient Modulus
In August 2014, cores were collected from the foamed asphalt and thick CTB sections of FM 99.
Figure 18 shows the two cores, which were tested in the laboratory for resilient modulus.
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Figure 18. Cores from FM 99.
Table 13 presents the data from the lab resilient modulus tests. The results from the CTB agree
with the field backcalculations from the FWD. The lab results from the foamed asphalt are in
reasonable proximity to the field modulus values measured in summer 2014; however, the lab
result is nowhere near the approximately 800 ksi measured with FWD in December. It is possible
random variability, temperature sensitivity, and continued strengthening may all factor into this
observed difference. Also note that laboratory and field backcalculated modulus values often
differ.
Table 13. Lab Resilient Modulus Results from Foamed Asphalt and Thick CTB.
Last 5 Cycles AVG Deviator
Stress (psi)
Last 5 Cycles AVG Resilient
Strain (inch/inch)
Last 5 cycles AVG Resilient
Modulus (ksi)

Foamed Asphalt

CTB

72.1

72.5

0.000194

0.000182

371

398

Other Observations
The section continues to see oil field traffic and, as Figure 19 shows, localized delamination of
the seal exists within all three of the treatments. This delamination frequently, but not always,
was observed in the pavement centerline and may be related to the location of the longitudinal
construction joint when performing FDR in half sections while under traffic.
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Figure 19. Localized Spalling of Surface Treatment on FM 99.
CONCLUSIONS AND RECOMMENDATIONS
At the time of preparation of this technical memorandum (February 2015), the roadway has been
under intense traffic loads for almost eight months (Figure 20). The foamed asphalt section is
performing well, and the field data show the modulus may actually be increasing. The thick CTB
section also is performing well, and the field data show the pavement layer modulus is stable and
similar to the initial values measured on the foamed asphalt.
The typical section with the CTB subbase and flex base overlay visually appears similar to the
other treatments. However, the field data suggest the CTB subbase may be weakening as
evidenced by FWD.
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Figure 20. Energy Sector Loads on FM 99.
The data generated from the sections on FM 99 support the following conclusions:









Foamed asphalt treatment appears a viable option for rehabilitating the pavements in
South Texas. The main advantage of foamed asphalt treatment is the ability to allow
traffic on the section almost immediately after compaction.
The foamed asphalt base appears moisture resistant; this section while under traffic
experienced 4 inches of rain without damage before the final seal was placed.
Pre-construction testing and representative sampling are required for a successful project.
The lab design process is critical.
The compaction approach and equipment selected by Wirtgen for the foamed asphalt
treatment produced a base that met gradation and density requirements and was
uniformly compacted with depth.
The construction specification employed on FM 99 should be evaluated and updated. TTI
has been working with CST to update this specification.
The IRI on all of FM 99 is poor and equivalent among the three different sections.
However, the IRI variability was lowest on the foamed asphalt section, which may be a
testament to the workmanship and/or the ability of the treatment to withstand early
trafficking without deterioration as compared to the other sections.
The foamed asphalt treatment provides a layer modulus at least comparable to CTB. With
the FM 99 materials, the lab strengths exceeded design requirements and the
corresponding field modulus was high. It is critical that, until more information is
available, these high moduli are not applied to lesser materials that barely meet mixture
design requirements. To prevent under-design, at this time the criteria in Table 14 is
proposed for use in selecting design modulus for foamed asphalt mixtures.
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Table 14. Selecting Design Modulus for Foamed Asphalt Mixtures.
Lab Indirect Tensile Strength
(psi)
45
50
55
60
65
70
≥75

Design Modulus
(ksi)
100
150
200
250
300
350
400
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